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CmrBQL CF MXEiCULAR yEIGHI AND EHD GSOUF mSCrsmLni IN KMMESS 
USING UNSAIOBAZED £EEt£Kr OGMFCXINDS AS CH&IN TRANSEEEL AGE21IS 

5 This invention relates to processes for radical-initiated poljmerization of 
unsaturated species and for the control of molecular wei^t of the polymeric 
products produced from such processes. Polymers of limited molecular weights, 
or oligomers, are useful as precursors in the manufacture of other polymeric 
materials and as additives or components of formulations for plastics, 
10 elastomerics, and surface coating compositions, as well as being useful in their 
own xig^t in many implications. 

The manufacture of low molecular weight polymers normally requires the use of 
both an initiator, wiiich acts as a free radical source, and a chain transfer agent 

IS The chain tramtfo: agent controls the molecular weight of the polymer molecule 
by reacting ^th flie propagating polymer radical to terminate its growth. It then 
causes the genesis of a newpolymor chain thereby transferring the growth process 
from one discrete polymer molecule to another discrete polymer molecule. At 
least a part of the chain transfer agent is incorporated into tiie polymer molecule 

20 and is thus consumed in the process. The incorporated residue of the chain 
transfer agent can lead to undesirable end-^groups on the polymer. 

The chain transfer agents most commonly used are alkanethiols which possess an 
objectionable odoiu", lead to a wide distribution of molecular weigjits in batch 

25 polymerizations with certain monomers, do not allow the production of di-end 
functional polymers and have limitations as to the types of functional groups that 
can be installed at the end of the polymer chain. Additionally, the use of thiols 
causes the incorporation of a sulphur atom into the polymer chain and tiiis can 
be a cause of pronature discolouration of the polymer, wiiich is especially 

30 deleterious in the coatings industry. There is also littie scope with tiiiols for the 
chain transfer constant to be optimised for a particular polymerization. It is well 
known in the art that an unfavourable chain transfer constant can lead to a broad 



SUBSTITUTE SHEET 
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distribudon of molecular weights in batch polymerizadoos. The opdmiun chain 
transfer constant in order to obtain narrow distributions of molecular wei^t in 
batch polymerizations taken to moderate or hig^ conversions is 1.0, as can be 
readily deduced from the article by T. Comer in Advances in Pciymer Science, 62, 
5 95(1984). 

Intemational Patent implication PCT/AU87/00412 discloses novel chain transfer 
agents that help overcome many of the disadvantages of tiiiols and allow the 
installation of a number of difforent types of functional groups at the end of 
10 polymer molecules. 

The present invention provides a process for the production of lower molecular 
weight polymers by free radical polymerization, which process is characterized by 
the addition of compounds of the general Formula I as diain transfer agents to 
15 an otiierwise conventional polymerization system: 



/ ^ 

20 CH2-C (I) 

25 herein is hydrogen, chlorine, an alkyl group, or a group capable of activating 
die vin^c carbon towards free radical addition; 

is hydrogen, or an optionally substituted aliyl, alkenyl or ar)d group or the 
group-COZ, where Z is R^ or OR^, where R^ is hydrogen or optionally 
30 substituted allgd, alkenyl or aiyl groiq), 



X is a hydrogen atom, an alkyl or aryi group, or a halogen. The two X groups 
may be die same or different 
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Prrferably, is an optionally substituted phenyl or other aromatic group, or an 
alkQ3qrcarbonyi or arylojgrcarbonyl (-COOR), caxboxy (-COOH), acyloxy (-O2CR) 
carbamojd (-CONR2), or cyano (-CN) group. 

5 

Preferably, R^ is a tertiarjrbutyl, cumyi or diphenylmethyl groiq), or a cydohe^l 
or cydopentjd group optionally substituted with an aryi or alkyi group. 

The group X is pr^erabfy hydrogen. 

10 

As used herein the trans "optionally substituted" and "optional substituent" will 
be understood to imply the piesence of any substituent group which does not 
undesirably or unfavourably affect the function of the compound of formula (I) 
in which it is present, that is to control the molecular weight of the polymer to be 
IS produced. 

The optional substituents may therefore be chosen from a very wide range of 
known substituents, as will be evident to the person skilled in the art By way of 
example only, substituents maybe chosen from the following classes: ether, alkyl, 
20 ester, haloallqd, halogen, aryl, hydroxy allqrl, nitrile. 

At least one of the groups R^ and R^ may be or contain a reactive su±>stituent, 
that is, one which is capable of undergoing a further chemical reaction subsequent 
to the polymerization reaction, whereby the polymer produced contains the said 
25 reactive group and is itself thereby capable of undergoing a furtiier diemical 
reaction subsequent to the polymerization reaction. 

Suitable reactive substituents include, for example, halogen, cyano, epoo^, hydroxy, 
a mino , carbo^^, alkosg^carbonyl, aryloxycarbonyl, carbamoyl, acyloxy, 
30 triall^isityiaigr, trialkojq^ilyi, phosphonate, allyi or alkenyl groups. 
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In the oompoimds of Fommla I, substituted rings may have r active substituent 
groups directly attached to the ring or indirecdy attached by means of a 
meth)dene group or other side chain. 

5 The process of this invention thus uses the compounds of general Fonniila I as 
alternatives to thiols or other diain transfer agents for the control of molecular 
weight The compounds of Formula I may be added in pure form or mixed with 
diluents that allow safety and easier handling. The process of this invention may 
be operated in similar manner to conventional processes using thiols. The 
10 quantity of compound of Fomiula I required to give the desired molecular wei^t 
may be determined by the usual methods s^licable to conventional chain 
transfer agents. 

For example the process described herein is applicable to the manufacture of 
synthetic rubbers and other polymer formulations -^ere reduced molecular weight 
aids processing and improves properties. Hie process can also be used to 
produce low molecular weig|it polymers and oligomers for a variety of 
appUcations such as high-soUds surface coatings, paints, and adhesives. An added 
feature of the invention is that the low molecular weight polymers produced 
duoug^ ^plication of the process contain epoxy groups at one end of the 
polymer chain. It is well known in the art tiiat epo^containing polymers can 
react with other functional polymers such as tiiose containing amine groups. Such 
reaction of epo^containing polymers can be used to prepare advanced polymer 
systems such as block or graft copolymers that have application, inter aHa, as 
compatibilizing agents. 

Compounds of general Formula I can be prepared from ineapensive starting 
materials. Unlike thiols, they do not possess an objectionable odour, nor do they 
incorporate Bxxy sulphiu-containing groups that contribute to premature 
30 degradation or discolouring of tiie polymer. The compounds of Formula I display 
an uneq)ected tiigh activity in controlling molecular weight in polymerization 
reactions and have cbain transfer constants that are superior to those of thiols. 
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hx most instances, their activity is such that their chain transfer constants 
approach the optimum of 1.0 for batch polymerizations and this activity is not as 
highly dependent as that of thiols on the type of the ^onomers used. 
Additionally, with this invention there is scope for the chain transfer constant to 
5 be tailored to a particular polymerization by the appropriate choice of the 
compound of Formula I and in particular by the appropriate choice of the 
substitaent 

Alkjd groups referred to in this specification may contain fit)m 1 to 32 carbon 
10 atoms. Alkenjd and alkynyl groups may contain from 2 to 32 carbon atoms* 
Satm-ated, unsaturated, or aromatic carbocyclic rings may contain from 3 to 14 
atoms. 

Suitable cydoalkyl groups are cydopentyl, cydohe^l, cydoheptyl optionally 
15 substituted with aryl or alkyl groups. &i aU of the above aryl means an organic 
radical derived from an aromatic hydrocarbon by the removal of one hydrogen 
atom. 

Australian Patent No. 586,285 (Akzo N.V.) disdoses pero3cy ester compoimds, 
20 similar to those of Formula I of the present invention, and their use as initiators 
of polymerization or for the curing of imsaturated polyester resins. There is no 
teadiing or data in this patent on the dffect of the daimed compounds on 
polymer molecular weight 

The present invention is based on the unea^aed discovery that the compoimds 
of Formula I offer effident control of molecular weight in free radical 
polymerizations and act as chain transfer agents as opposed to initiators. The 
compounds of Formula I act in the manner cxpocx&d of a conventional chain 
transfer agent in that the molecular weight of die product polymer is inversely, 
proportional to the amount of compound added. 
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Apart finom certain conqxniDds disclosed in Australian Patent No. 586^5, the 
compotmds of Fonnula 1^ v^oein is other thanhydrogea are novel, and form 
part of this invention. 

S The following are examples of preferred compounds of Formula I: 

a'(t -but54peraa3met3iyi)styrene la, 
a -(r -butylperaxymethyi)acryionitrile lb, 
methyl a-(t-but^peraqanethyl)acrylate Ic, 
10 ethyl a -(^ -butylperQ]^ethyl)acryiate Id, 

cr(cumeneperosyme^l)styrene le, 

ie. compounds having the following formulae: 
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10 



15 



20 



25 



30 



35 



40 



CH2-0-0-C( 013)3 
CH2-C^ (la) 
Ph 



CH2-0-0-C(CH3)3 
CH2=C^ (lb) 
CN 



CH2-0-0-C(CH3)3 
CHj-C^ (Ic) 
C-O-CHq 

o 



^CH2-0-0-C(CH3)3 
CH2-C^ (Id) 
C-O-CH2CH3 
O 



CHq 

^CH2-0-0-C-/o) (le) 
CH2=C CH3 

Ph 



In contrast to the processes involving thiols, or the chain transfer agents described 
45 the examples of International Patent AppUcation P(n'/AU87/00412, this 
process utilises agents with a different range of activities which do not contain 
sulphur, are more hydrolytically stable, and produce polymers which do not 
contain terminal imsaturation. A further unique feature of the prxjcess of this 
invention is that it dh-ecdy and conveniently produces potymer chains that have 
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a terminal epca^ group. As is weUkncrwn in the art this terminal epojygro 
be utilized in crosslinking reactions to form networks by reaction with materials 
containing amine, hydro^ carbo^dic add or thiol groups. It is also possible to 
prepare block and graft copolymers by controlled reaction with polymers, 
5 oligomers and low molecular weigjit compounds containing the above functional 
groups. 

The methods of production of the compounds of Formula I are illustrated by the 
following examples. 

10 

General Procedure for the Preparation cf Compounds of Formula 1. 

The preparation of of(rt>uQdpero^metliyi)styrene (la) is illustrative of die 
general procedure. 

15 

cc-(Bromomethyi)s^ene (1.9g) was added dropwise to a mixture of the sodium 
salt of ^ef^butylhydroperaxide (1.12g) and dimethylformamide (5ml) with cooling 
in an ice-salt bafh. After die addition was complete, the mixture was left stirring 
for 4 hours at 21 and then it was poured into water and extracted tiuree times 

20 with pentane. Hie combined extracts were dried over anhydrous magnesium 
sulphate and the solvent was removed to afford an oil (1.3g) wiiich was 
chromatographed on silica gel using 2% ethjd acetate/petroleum spirit as eluent 
to give pure la (499mg). NMR 6 1.23 (9H^), 4.80 (2H,s), 535 (lH,s), 5^3 
(IH^), 7.1-7.6 (5H^). Mass spectrum (NH3) m/e 224 (MNH4+, 40%), 73 

25 (100%). 

a'(t'Buiylp&oxymeth)i)acrylontrile lb was prepared similarly. NMR (CDCl^) 
6 122 (9H^), 4.49 (2H,s), 6.05 (IH^), 6.09 (lH,s). 



^ a-(Cumen^eraxymeih)i)ayrene le was prepared similarly with the sodium salt of 
30 cumene hydroperoxide. % NMR 5 1.53 (6H, s), 4.67 (2H, s), 5.20 (IH, s), 5.42 
(IH^), 6.9-7.5 (10H,m). 



wo 91/06535 PCr/AU90/00523 

-9- 

The acrylate derivatives Ic and Id \vere prepared as follows: 

Methyl az(t''Bu^peraxymeth^)acr^aie Ic 

5 Methyl l^-dibroniopropane-2-carbQxylate (24.4 g) was added dropwise to a stirred 
solution of the sodium salt of ^butylhydroperoxide (37 g) in dimethylsulfoxide 
(160 ml), wiiile the temperature was maintained at S *C by cx)oling in an ice bath. 
The reaction mixture was further stirred for 2 h at 5 and tiien for 15 h at 
18 ""C. After this time, it was poured into water and extraaed with a mhccure (1:1) 

10 of petroleum spirit (bp 30-40 *C) and ether. The extract was washed with water 
and dried over anhydrous magnesium sulphate and the solvent was removed by 
distillation to give the crude peroxide (8 g). This material was purified by careful 
distillation behind a safety screen to give Ic (bp 37-38 'C/0.5 mmHg) (23 g) 
NMR (COas) 6 122 (9H, s), 3.75 (3H, s), 4.64 (2H, s) 5.86 (IH, m), 6.33 (IH, 

15 s). 

Eikjia'(t'Bia)iperoxymeth)i)ac^^ % NMR (0003) 

5 1.21 (9H, s), 1.30 (3H, t, J 7 Hz), 420 (2H, q, J 7 Hz), 4,63 (2H, s), 5.87 (IH, 
br s), 633 (IH, br s). 

20 

The following examples illustrate the use of the invention to produce polymers 
of controlled molecular weig|ht and end group functionality. 

EXAMPLEl 

25 

Preparation cf Low Mcleadar Weight Epoxide TerminatedPct^riers cf Styrene using 
a'(i-But)iperax^neih^)^yrene la. 

Azobisisobutyronitiile (34.9 mg) was dissolved in freshly distilled st^ene (25 ml). 
30 Aliquots (5 ml) were r^noved and added to ampoules containing the amoimt of 
a-(M>ulylperoxjmethyl)styrene la shown below in Table 1. The mixtures were 
polymerised at 60 for 1 h in the absence of o^^gen. The contents of the 
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ampoule were then poured into methanol and the precipitated poljoner was 
collected and dried in vacuo overnight A small portion was examined by gel 
permeation chromatography (GPC) using a Waters Instrument connected to six 
p-Styragel columns (10^, lO^, lO^, kP, 500 and 100 A pore size). 
5 Tetrahydrofuran was used as eluent at a flow rate of 1 ml/min and the system 
was calibrated using narrow distribution polys^ene standards (Waters). 

Table 1 



10 


Amount of la added (mg) 


^* 




0 


93 000 




20.6 


31000 




41.8 


20 000 



15 * Polys^ene-equivalent number average molecular weigjit, obtained by GPC 



Hie chain transfer constant (C^^ ), calculated from these <^a tfl, was 0.89, vMdh 
compares favourablywith, say, that from n-butanetiiiol(C^=0.66). These results 
show that the compound is an efficient chain transfer agent and that the process 

20 produced polymers of low molecular weight in a controlled manner. A sample 
of polysQorene produced similarly using 364 mg of the chain transfer agent la and 
25 ml of the styrene/AIBN mixture was precipitated two fiirtiier times from ethyl 
acetate/methanol to remove traces of the unreacted chain transfer agent The 
resulting polymer of number average molecular weigjht 4 600 had a signal in the 

25 NMR spectrum at 6 3Jt ppm confirming the presence of the opoxy group. 
Estimation of the epoxy group by titration with pyridiniimi chloride/chloroform 
as described by Jungnickel et al in Organic Analysis, Vol 1, Intersdence, New 
York 1953, pl27 indicated that there was 0.8 - 1 epoxide group per polymer cham. 



30 



The following describes an eaq^eriment aimed at obtaining further evidence for the 
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presence of a reactive cpaxy group. 

4-Metho^enzyl mercaptan (0.92g) was added to sodixim hydride (0.12 g) in dry 
tetrahydrofuran (3Qml). The mixture was boiled under reflux for 4 h to ensure 
5 that no unreacted sodium hydride remained, after which time a solution of 
polystyrene (Mn = 102(X)), produced with la, in tetrahydrofuran (20 ml) was 
added. The mixture was fiirther boiled under reflux for 17 h and then cooled, 
poured into water and extracted with eth3d acetate. The extract was washed three 
times witih water and dried (MgS04). The solvent was removed and the polymer 

10 was dried in vacuo . The dried polymer was then dissolved in ethyl acetate and 
precipitated twice with methanol as the non-solvent After drjdng thoroughly, it 
was then examined by NMR spectroscopy and showed signals at 6 3.6 and 3.7, 
from the benzyl and metfao^ protons, respectively. These signals were different 
to those of the starting 4-metiiQ^en:^l mercs^to group into the polymer, tiie 

15 most likely means of said incorporation being throug^i reaction with the epoxy 
group of the polymer as is well known to die art. Hence, there is further 
confirmation of the presence of the epo^ end group. 

EXAMPLE 2 

20 Preparation of Low Molecular Weig^ Pdy(methyl methacryiate) using 
a'(t'But^peraxyrrieihyL)styrme la. 

Azobisisobutyronitrile (48.2 mg) was dissolved in freshly distilled methyl 
methacryiate (25 ml). Aliquots (2 ml) were removed and added to ampoules 
25 containing the amoimt of ar{t -butylpero^methyl) styrene la shown below in 
Table 2. Hie mixtures were polymerised at 60 ''C for 1 h in the absence of 
oxygen. The contents of the ampoule were then poiured into hexane and the 
. precipitated polymer was collected, dried, and examined as before. 
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Table2 

Amount of la added (mg) ^i^^ 

5 0 149 000 

6.S 44 400 

19.7 18 600 



*PolysQa:ene-equiYalent mimber average molecular weigjit, obtained by GPC 

10 

The chain transfer constant (C^, calculated from these data, was 0.83, which 
compares favourably with say, that from nbutanethiol (C^^ = 0.66). These results 
show tliat the compoimd is an effident chain transfer agent and that the process 
produces polymers of low molecular weight in a controlled manner. 

15 

EXAMPLE 3 

Preparation cf Law Molecular Wei^ PdLy(meA^ aajiate) using 
a'(t'But^peraxymethyl)styrme la. 

20 

Azobisisobuiyronitrile (9.1 mg) was dissolved in freshly distilled methyl aoylate 
(25 ml). Aliquots (2 ml) were removed and added to ampoiiles containing 
thiophene-free benzene (8 ml) and the amounts of cr(/-butyiperQ^methyl)styrene 
la shown below. The mixtures were polymerised at 60 for 1 h in the absence 

25 of Q^en. The volatiles were then removed and the polymers were dried in 
vacuo to constant wei^t and examined by GPC. Samples of poly(methyl 
acryiate) prepared in this manner using 0 mg, 13.7 mg, and 25.9 mg of ar{t - 
butylperQxymethyi)styrene la had number average molecular weights of 414000, 
7600 and 4200, respectively. The chain transfer constant calculated from these 

30 data was 17.7. These results show that the compoimd is an efficient chain transfer 
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agent and that the process produces polytners of low molecular weight in a 
controlled manner. 

EXAMPLE 4 

5 

Prepamtion cf Low Molecular Weig^ Pdfy(vin^ acetate) using 
a'(i'Bu^peraxymeihyi)styiem la. 

Azobisisobutyronitrile (8.0 mg) was dissolved in freshly distilled vixyl acetate (SO 
10 ml). Aliquots (10 ml) were removed and added to ampoules containmg the 
amounts of <r(t -butylperQ3^etfayl)s^ene la shown below. The mixtures were 
polymerised at 60 for 1 h in the absence of o^gen. Ilie volatiles were then 
removed and the polymers were dried in vacuo to constant weight and examined 
by GPC as described above. Samples of poly(methylacrylate) prepared in this 
15 manner using 0 mg, 5.1 mg, and 9.6 mg of o-(^-butylperoxymethyl)styrene la had 
number average molecular weigjits of 243 000, 14 800, 8 000, respectively. The 
chain transfer constant calculated from these data was 24. These results show 
that the compound is an ef&cient chain transfer agent and that the process 
produces polymers of low molecular weight in a controlled manner. 

20 

EXAMPLE 5 

Preparation of Low Moleadar Weight Polystyrene using 
a-(t'But)iperax^neih)^)aa}ionUrile lb. 

25 

Samples of polystyrene prepared in the manner of Example 1 using 0 mg, 20.7 
mg, 39.0 mg, and 77.7 mg of a-(f-butylperaxymeth5d)acrylonitrile lb had number 
average molecular weigjits of 134 000, 10 200, 6 800, 4 700 req)ectively. The 
chain transfer constant calculated from these data was 2. These results now that 
30 oE-(^-butylpero^^ethyl)acrylonitrile lb acts as an efBdent chain transfer agent for 
styrene and that the process produces polymers of low molecular weight 
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EXAMPLE 6 

Preparation of Low Molecular Wei^ Poly(meth^ methaayiate) using 
a'(t'Bui)ipenviyrne^}i)aa^rutrile lb. 

5 

Samples of poly(meth^ methacrylate) prepared in the maimer of Example 2 using 
9.4 mg, 20 mg and 39 mg of a-(/-but^pera]gmedi^)acrylonitrile lb had number 
average molecular \veights of 27 000, 14 000 and 8 100 respectively. Hie chain 
transfer constant calculated from these data was 0.85. These results show that or 
10 (^-butylperQ:^methyl)acrylonitrile lb acts as an efGlcient chain transfer agent for 
methyl methacrylate and Aat the process produces polymers of low molecular 
weight 

EXAMPLE 7 

15 

Preparation of Law Moleadar Weig/it Poly(meth)i acr^xUe) using 
a-(t'Bu^percuymeih^)aaylonitrile lb. 

Samples of poly(methyl acrylate) prepared in the manner of Example 3 using 0 
20 mg, 13.1 m& 23.4 mg, 46.9 mg of a-{t -butylperoxymethyl)acrylomtrile lb had 
number average molecular weights of 673 000, 25 700, 15 000, and 8 500, 
respectively. The diain transfer constant calculated from these data was 0.73. 
These results show that cr(^-butylperQ^methyl)acrylonitrile lb acts as an efficient 
chain transfer agent for meth^ aciylate and that the process produces polymers 
25 of low molecular wei^L 
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EXAMPLE 8 

Preparation of Low Molecular Weight Poly(vinyi acetate) using 
a-(t'But}iperax^neihii)aa^onitrile lb. 

5 

Samples of poly(methyl methacrylate) prepared in the maimer of Example 4 using 
0 mg, 5.0 mg, and 113 mg of a-(<-buQdperQxymetliyl)acrylonitrile lb had nmnber 
average molecular weights of 540 000, 3 700, and 1 450, respectively. The chain 
transfa constant calculated from these data was 90. These results show that ar(t 
10 -buQdperQ^imeth^)acrylonitrile lb acts as a very active chahi transfer agent for 
vin^ acetate and that the process produces polymers of low molecular weight 

EXAMPLE 9 

15 Preparation of Low Molecular Weight Polystyrene using 
methyl a'(t'ButyLperax^nethyl)aaylate Ic. 

Samples of polystyrene prepared in the manner of Example 1 using 0 mg, 21.2 
mg, 41.1 mg, and 80.7 mg of methyl ar{t -butylpero:qmiethyl)acrylate Ic had 
20 number average molecular weigjits of 134 000, 22 900, 11 500, and 6 800, 
respectively. The chain transfer constant calculated from these data was 1.64. 
These results show that meth^ ar{t -butylpera3^ethyi)acrylate Ic acts as an 
efQdent chain transfer agent for styrene and that the process produces polymers 
of low molecular weight 

25 

EXAMPLE 10 

Preparation qf Low Maleadar Wei^ Pdly(methyl methacrylate) using 
Methyl a-(t'Butylperaxyniethyl)aaylate Ic. 

30 

Samples of poly(methyl methacrylate) prepared in the manner of Example 2 using 
0 m& 11.7 mg, 20.8 mg, and 39.5 mg of methyl a-(r-butylperoxymethyl)acryiate 
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Ic had number average molecular wei^ts of 364 000, 45 200, 27 900, and 15 200, 
respectively. The chain transfer constant calculated from these data was 0.63. 
These results show that methyl a-(^-butylperaxymeth^)acryiate Ic acts as a useful 
chain transfer agent for methyl methacrjdate and that the process produces 
5 polymers of lower molecular weig^ 

EXAMPLE 11 

Fr^paratxon cf Law Molecular We^ Pdly(meih^ aajiaie) using 
10 Afet^ a-(t'But)iperax^ne^)aa]iate Ic. 

Samples of poly(methj4 acrylate) prepared in the manner of Ejcample 3 using 0 
mg, 15.4 m& 25.6 m& and 503 mg of methjd cr(*-butyipero2gmeth)d)acrylate Ic 
had number average molecular weigjits of 937 000, 23 200, 13 600, and 7 500, 
15 respectively. The chain transfer constant calculated from these data was 1.02. 
- These results show that methyl ar(t -ButyiperQ]^ethyl)acryiate Ic acts as an 
efficient chain transfer agent for methyl acrylate and diat the process produces 
polymers of low molecular weight 

20 EXAMPLE 12 

Preparation of Low Molecular Wei^ Pciy(vin^ acetate) using 
Methyl a-(t-ButyLperaxymetk^)acr^ate Ic. 

25 Samples of poly(vinyl acetate) prepared in the manner of Example 1 using 0 mg, 
6.0 mg, 10.7 mg, and 18.5 mg of methyl ar{t -Butyiperoogmethyl)acr3date Ic had 
number average molecular weights of 291 000, 15 000, 4 300, and 1 800, 
•respectively. Ihe rhvAn transfer constant calculated from these data was 45. 
These results show that methyl cr(^-Bui5ipera3qraiediyi)acrylate Ic acts as a very 

30 active chain transfer agent for vin^ acetate. 
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EXAMPLE13 

Preparation cf Low Molecular We^ Poly(methyL meihacr^ate) with 
a-(' CimimepeTaxyrnethyL)styrerie le. 

5 AIBN (483 mg) was dissolved in freshly distilled methyl methacryiate (25inl). 
Aliquots (5 ml) were removed and added to ampoules containing 0 mg, i6.6 mg, 
and 35.3 mg of cr(camieneperoxymeth^)styrene le. The mixtures were 
polymerized at 60 C for 1 h in the absence of oxygsjL The contents of the 
ampoules were then precipitated in hesine and dried in vacuo to afford polymers 

10 of molecular weights 555000 (673 mg), 47900 (297 mg), and 26000 (129 mg), 
respectively. . The chain transfer constant calculated from these data is 0.8, 
showing that the process using 06-(cumeneperc^methyl)styrene le produces 
polymers of low molecular weight The chain transfer constant of 1.0, is ideal for 
obtaining low distributions of molecular weight in bulk polymerizations at medium 

15 to hi£^ conversions. 

EXAMPLE 14 

Preparation cf Low Molecular Weight Polystyrene with 
20 a-(Currteneperoxymethyl)^rene le. 

AIBN (34.9 mg) was dissolved in freshly distilled styrene (25 ml), aliquots (5 ml) 
were removed and added to ampoules containing 0 m& 29.4 mg, and 52.3 mg of 
a-(cumeneperQ^methyl)styrene le. The mixtures were polymerized at 60 C for 

25 2 h in the absence of oxygen. The contents of the ampoules were then 
precipitated in methanol and dried in vacuo to afford polymers of molecular 
weights 89300 (16Qmg), 32700 (139 mg), and 22700 (170 mg), respectively. The 
chain transfer constant calculated from these data is 0.8, showing that the process 
using oe-(cumeneperQxymetiiyi)sQTene .Ie produces polymers of low molecular 

30 weight The chain transfer constant of 0.8 shows that the process with le is 
ef&dent in reducing molecular weight 



wo 91/06535 PCr/AU90/00523 

-18- 

■ THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A process for the production of lower molecular weight polymers by free 
radical polymerization, characterized in that there is added to the 
S polymerization system a compound of the general formula I 



CXo-O-O-R^ 
/ ^ 

10 CH5=C (I) 

V 



15 herein 

is hydrogen, chloriiie, an alkyl group, or a group cq)able of activatmg 
the vinylic carbon towards free radical addition; 

R? is hydrogen or an optionally substituted alkyl, aBcenyl, aryi, cydoalkenyl 
20 or cydoaOsyl group or the group -COZ, ^ere Z is or OR^, ^^e r3 

is hydrogen or an optionally substituted allgrl, alken^ or aiyi group. 

X is a hydrogen atom, an allqd or ar3d group, or a halogen, and the two X 
groups may be the same or different 

25 

2. A process as claimed in Claim 1, characterised in that R-*^ is an optionally 
substituted phenyl or other aromatic group, or an alkojQ^arbonji or 
arylos^arbonyl, carboxy, acyloxy, carbamojd or qrano group. 

30 3. A process as claimed in Claim 1 or Claim 2, characterised in that in group 
is a tertiary-butyl, cumyl or diphenylmethyl group, or a cydohe^l or 
c^dopentyl group optionally substituted with an aryl or alk}d group. 



4. 

35 



A process as claimed in ai^ one of Claims 1 to 3, characterised in that the 
groi^ X is hydrogen. 
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5. A process as claimed in any one of Claims 1 to 4, characterized in that at 
least one of the groups and is or contains a reactive substituent 
group which is capable of undergoing a further chemical reaction, 

5 subsequent to the polymerization reaction whereby the polymer produced 

contains said reactive group and is itself thereby capable of undergoing a 
further chemical reaction, subsequent to the polymerization reaction. 

6. A process as claimed in Claim 5, characterised in that the reactive 
10 substituent group is a halogen, or a cyano, epaxy^ hydroxy, amino, carbo?^, 

alkos^arfoonyl, arylos^arbonyl, carbamoyl, acyloagr, trialkylsilyiooQr, 
trialkoxysilyi, phosphonate, allyl or alkenyl group. 

7. A process as claimed in Qaim 1, characterised in that die compound of 
IS formula I is 

a -(t -butylpera:Qmethyi)styrene, 
a -(r -butylperoxymethyi)acrylonitrile, 
methyl a -{t -butyipera:Qanethyl)acrylate, or 
ethjd a -{t -butylperoxymethyl)aaylate. 
20 a -(cumeneperQ3cymethyl)styrene, 

8. Polymers or oligomers containing an epo^Qr groiq) at one end of the 
molecule when made by the process claimed in any one of Qaims 1 to 7. 

25 
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9. A compound of the general formula I 



CX2-0-0-r2 



10 



30 



/ 

CH5=C (I) 

V 



herein 

is hydrogen, an alkyi group, or a group capable of activ ating the vinylic 
carbon towards free radical addition; 

15 r2 is an optionally substituted alkyi, alkenyl, aryl, cydosSksnyl or 

qfdoalkyl group, or the group -COOR^ ^ere R^ is hydrogen or an 
optionally substituted allsyl, alkenyl or ai^ group. 

X is a hydrogen atom, an allgrl or ar^ group, or a halogen, and die two X 
20 groups may be the same or different 

10. A compound as claimed in Qaim 9, characterised in that IS an 
optionally substituted allqrl, alkenyl, aryl, cydoalkenyl or cydoallqd group, 
or the group -COOR^ Mvhcrc R^ is hydrogen or an optionally substituted 

25 allqd, alkenyl or aryl group, and X is hydrogen. 

11. A compound as claimed in Qaim 9 or Qaim 10, characterised in that R^ 
is a group capable of activating the vinyhc carbon towards free radical 
addition. 



12. A compound as claimed in Qaim 9, characterised in tiiat R^ is an 
optionally substituted phenyl or other aromatic group, or an alkosgfcaibonyl 
or aryia^carbonyl, carbosy, ac^loay, carbamoyl or cyano group. 



35 



wo 91/06535 PCT/AU90/00523 



-21- 

13. A compouhd as claimed in aaim 11 or Qaim 12, characterised in that in 
group is a tertiary-butyl, cumyl or diphenylmethyi group, or a 
cydohea^ or cydopentyl group optionally substituted with an aryl or alk^ 
group. 



14. A compound as claimed in any one of Qaims 9 to 13, characterized in that 
at least one of the groups and R^ is or contains a reactive substituent 
group ^^ch is capable of undergoing a further chemical reaction, 
subsequent to a polymerization reaction involving the compound, whereby 

10 the polymer produced contains said reactive group and is itself thereby 

capable of undergoing a further chemical reaction, subsequent to the 
polymerization reaction. 

15. A compound as dauned in Qaim 5, diaracterised in that die reactive 
IS substituent group is a halogen, or a cyano, epoo^, hydroxy, anuno, carboisy, 

alkozycarbonyi, aiylosycarbonyl, carbamoyl, acylo^, trialkylsilylosQr, 
trialkoxysilyl, phosphonate, allyl or alkenyi group. 



16. a -(/ -butylpera3Qmethyl)styrene, 
20 a -( < -butyiperQ3gmethyl)acrylonitrile, 

methyl a-(^-butylperoxymethyl)acrylate, 
etiiyl a -(/-butylpero^methyl)acrylate, or 
a -(aunenepera^methyl)styrene. 
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